Background: Inflammatory bowel disease (IBD) is common in dogs. Despite the known importance of intestinal lymphocytes in its pathogenesis, little is known about the role of peripheral blood lymphocytes (PBLs) in IBD.
C
anine inflammatory bowel disease (IBD) is a common cause for chronic or relapsing gastrointestinal signs such as diarrhea, vomiting, and weight loss. 1 Canine IBD is diagnosed by exclusion of infectious, endocrine, and neoplastic causes for gastrointestinal signs and by histologic evidence of intestinal mucosal inflammation. 2 Canine IBD can be classified histopathologically, based on the predominant type of inflammatory cells in the intestinal mucosa. 3 Lymphocytic-plasmacytic enteritis (LPE) is the most commonly described form of canine IBD. [1] [2] [3] Using immunohistochemistry, increased numbers of intestinal mucosal CD3 + T cells, 4-6 plasma cells, 4, 5 and B cells 6 have been documented in dogs with IBD. One recent study using flow cytometry (FCM) for characterization of canine intestinal intraepithelial lymphocytes (IEL) reported increased numbers of TCRcd + T cells in dogs with IBD. 7 In contrast, in a previous study using immunohistochemistry, decreased numbers of CD3 + and immunoglobulin G-secreting plasma cells were reported in mucosal samples of IBD dogs. 8 These studies point toward an important role of intestinal lymphocytes in canine IBD. Flow cytometry analysis of immune cells could improve this understanding of the canine intestinal immune system and its dysregulation in disease states. The intestinal inflammatory processes may be accompanied by changes in the peripheral lymphocyte populations of affected dogs, which may provide a noninvasive opportunity for the identification of IBD dogs and the monitoring of therapeutic responses. A previous study, comparing selected lymphocyte subsets in the peripheral blood of healthy dogs and dogs with chronic enteropathies using FCM, showed no significant differences between the investigated groups after labeling with antibodies against CD3, CD4, CD8, CD21, and MHC-II. 9 The purpose of our study was the phenotypic analysis and comparison of PBLs in healthy dogs and dogs with IBD by FCM with an extensive multicolor antibody panel. The hypothesis was that dogs with IBD would have altered distributions of their PBL subpopulations. This could reflect a dysregulated immune function contributing to the development of the disease, or occur as consequence of the inflammatory character of canine IBD. Furthermore, we aimed to compare PBL subpopulations in IBD dogs before treatment with dogs in clinical remission after treatment, to investigate FCM as an objective diagnostic tool in the follow-up for IBD dogs. Owners signed a written consent form to take part in the study.
Materials and Methods

Ethical Approvals
Animals
Client-owned dogs (n = 19) with IBD, presented to the Clinic for Internal Medicine and Infectious Diseases of the University of Veterinary Medicine Vienna, Austria, between September 2011 and November 2013 were prospectively enrolled. Inclusion criteria were a history of ≥2 gastrointestinal signs comprising vomiting, diarrhea, anorexia, or weight loss for at least a 4-week duration, thorough diagnostic evaluation to eliminate other possible causes for gastrointestinal signs and gastroduodenoscopy (including histopathologic examination of duodenal biopsy samples) to confirm intestinal lymphocytic-plasmacytic infiltration. Diagnostic tests performed to exclude infectious, endocrine, or neoplastic diseases included a CBC, serum biochemical profile, assessment of serum concentration of trypsin-like immunoreactivity and cortisol concentrations, analysis of fecal samples by flotation, fecal Giardia antigen test, and abdominal ultrasonography. Dogs with other possible causes for inflammatory intestinal changes and dogs with a history of administration of immunosuppressive drugs, antibiotics, or both 10 days before blood sampling were excluded. The diagnosis of IBD was based on the chronicity of gastrointestinal signs, the exclusion of underlying infectious, endocrine or neoplastic diseases, and the intestinal histopathologic inflammatory findings and immunophenotypic analysis of PBLs by FCM were performed. In clinically well-controlled dogs, defined as having normal activity level and no ongoing gastrointestinal signs as reported by the owners, immunophenotypic FCM analysis of PBLs was repeated after treatment.
The control group (n = 10) consisted of staff-owned dogs, without any history of gastrointestinal signs. They were not receiving any medication and were clinically healthy as verified by physical and hematologic examination and blood biochemistry.
For FCM analysis, blood samples were taken from the jugular vein of each dog. Blood collected in EDTA was used for white blood cell counts a and immunophenotypic analysis of PBLs using 3-color FCM.
Clinical and Histopathologic Scoring
The IBD dogs were clinically scored according to the canine IBD activity index (CIBDAI). 10 Intestinal biopsies of the IBD dogs were graded by 1 independent board-certified pathologist according to the World Small Animal Veterinary Association (WSAVA) International Gastrointestinal Standardization Group guidelines. 2 As a result of suboptimal orientation of the mucosa in the tissue blocks in a number of samples, the morphologic criterion of villus stunting was not taken into account. Therefore, 4 morphologic variables (epithelial injury, crypt distension, lacteal dilatation, and mucosal fibrosis) and 4 inflammatory histologic variables (intraepithelial lymphocytes, lamina propria lymphocytes and plasma cells, lamina propria eosinophils, and lamina propria neutrophils) were scored as normal (0) or showing mild (1), moderate (2), or marked (3) changes. Based on the sum of the scores, dogs were subdivided into histologic severity groups: WSAVA score of 0 = normal, 1-6 = mild, 7-12 = moderate, 13-18 = severe, and >18 = very severe IBD.
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Flow Cytometry
For phenotypic characterization, multicolor analyses of PBLs were performed with anticanine-specific and anti-human crossreactive monoclonal antibodies (mAb) against CD45, b CD21, , incubated with primary mAbs for 20 minutes at room temperature either for double or triple labeling of the PBLs (combinations of mAbs against CD21/CD45; CD79acy/CD3; TCRab/CD8a/CD4; TCRab/CD8a/ CD8b; CD8b/TCRcd/CD8a) and washed with PBS. Samples containing mAb without directly conjugated fluorochromes were labeled with anti-mouse secondary antibodies and incubated for an additional 20 minutes at room temperature (Table 1) . To lyse red blood cells, a commercially available red blood cell (RBC) lysing solution (ADG-lyse) g was used according to the manufacturer's instructions. The mAbs used for identification of CD3 and CD79acy recognize intracellular epitopes. Thus, to enable intracellular staining, the IntraStain-Kit d was used according to manufacturer's instructions in samples stained with these antibodies. Appropriate isotype controls were used for each sample (Table 1) . After the last incubation step, cells were washed again and subsequently analyzed with a FACS Canto II flow cytometer. The lymphocyte population was gated based on relative size and granularity using forward and sideward scatter properties to exclude other cell populations and cell debris (Figs 1 and 2 ). For each sample, data of at least 10.000 events in the lymphocyte gate were recorded. Data analysis was performed by the FACS Diva software, version 6.1.3.
c The results of the CD45 + cell populations were expressed as percentage of positive cells within the lymphocyte gate. The results of the remaining populations finally were normalized by calculating the percentages of the subpopulations positive for the cell surface markers within the CD45 + cell population. 12 
Statistical Analysis
Sex of healthy dogs and dogs with IBD were compared by a chi-square test. Age and body weight of diseased dogs and healthy control dogs were tested for normal distribution by the ShapiroWilk test and were consecutively compared by Student's t-test. After testing percentages of PBL subpopulations for normal distribution by the Shapiro-Wilk test, data obtained from dogs with IBD were compared to data of healthy dogs by use of Student's ttest in the case of normal distribution or by Mann-Whitney U-test in case of non-normally distributed data. The FCM data of dogs before therapy were compared to data of dogs receiving treatment after testing for normal distribution by use of the Shapiro-Wilk test. Normally distributed data were analyzed with a paired Student's t-test and non-normally distributed data were compared by the Wilcoxon-signed rank test. P-values <0.05 were considered significant. All statistical analyses were performed by SPSS version 15.
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Results
Animal Characteristics
IBD Group
The IBD group (n = 19) included 10 female (8 spayed) and 9 male neutered dogs of different breeds. Crossbreeds (n = 4) and Boxers (n = 2) were most common. The mean age was 5.1 years (AE2.8 years), and mean body weight was 21.9 kg (AE12.9 kg). The major reason for presentation was diarrhea (n = 19) followed by vomiting (n = 7) and weight loss (n = 5). Five dogs were pretreated for their gastrointestinal signs until 10 days before sampling. Of these 5 dogs, 3 were treated with antibiotics (1 with amoxicillin/clavulanic acid, 1 with metronidazole, and 1 with tylosin) and 2 dogs were treated with prednisolone. The diseased dogs were suffering from moderate-to-severe IBD with a mean CIBDAI score of 6.6 (AE3.1). They were classified as having lymphoplasmacytic IBD with WSAVA scores of intestinal tissue samples ranging from 1 to 6 (median, 2) corresponding to mild histopathologic changes.
Follow-up IBD Group Six clinically well-controlled IBD dogs were available for re-evaluation of PBLs after treatment. Five dogs were not controlled satisfactorily. In 3 dogs, follow-up was lost, and the owners of 5 dogs in clinical remission did not want to participate further in the study. Five dogs were resampled after 2 months, and in 1 dog, resampling was done 11 months postdiagnosis. The group of re-evaluated dogs included 3 female spayed and 3 male neutered dogs of different breeds. Five dogs were resampled after 2 months, and in 1 dog, resampling was done 11 months postdiagnosis. The dogs were between 3 and 11 years old (median, 5.5 years) and had body weights between 14.1 and 58 kg (median, 26 kg). At the time of presentation, CIBDAI scores of the affected dogs ranged from 4 to 10 (median, 5.5) and WSAVA scores from 1 to 5 (median, 2.5). Two dogs were clinically well controlled receiving a hydrolyzed (n = 1) or single protein (n = 1) hypoallergenic diet and 4 dogs by administration of corticosteroids. The CIB-DAI scores had improved in all 6 dogs and ranged from 0 to 2 (median, 1) after treatment.
Healthy Control Group
The control group (n = 10) consisted of 7 female (4 spayed) and 3 male dogs of various breeds. Flat-coated retrievers (n = 2) and Crossbreeds (n = 3) were most common. The mean age of the dogs was 4.2 (AE2.6 years). The mean body weight was 25.1 kg (AE11.2 kg). Sex, age, and body weight did not differ significantly between healthy and IBD dogs.
Immunophenotyping by Flow Cytometry
Representative examples of lymphocyte subpopulations in IBD dogs and healthy control dogs are shown in Figures 1 and 2 . Summarized data including median, mean, standard deviation, as well as minimum and maximum values of all dogs, are shown in Tables 2 and  3 .
In both healthy and IBD dogs, almost 100% of the cells in the lymphocyte gate were CD45 + . In all groups, the proportion of T cells (CD3 + double-positive (Fig 1, Tables 2 and 3 ). Table 2 ). None of the other subpopulations positive for CD45 (P = 0.33), CD3 (P = 0.63), CD4 (P = 0.44), CD79acy + (P = 0.07), CD8a (P = 0.91), CD8b (P = 0.86), TCRab (P = 0.31), CD4, and CD8 (P = 0.86) showed significant differences between dogs with IBD and healthy controls (Table 2) .
Furthermore, there was no statistical difference in the TCRcd + cell (P = 0.09) and CD21 + cell (P = 0.88) proportions or in any other PBL subpopulations between IBD dogs before and after treatment ( Table 3 , other P-values not shown).
Discussion
Our study was performed to compare lymphocyte subpopulations of canine PBLs in healthy dogs and dogs with IBD and indicated that the TCRcd + and CD21 + subpopulations differed significantly between these 2 groups. Treatment did not change the lymphocyte proportions significantly. Different PBL subsets have been phenotypically analyzed before in healthy dogs 9,13-16 and in dogs with chronic enteropathies. 9, 17 We aimed to recruit control dogs of similar age and sex for our study because the proportion of CD21 + B cells decreases whereas the percentage of CD8 + cells increases with advancing age, and sex may have an influence on lymphocyte subpopulations. 13 Furthermore, both groups included dogs of a range of breeds in an attempt to avoid potential breedassociated differences in lymphocyte distribution. 13 The results of our study, showing CD3 + T cells as the major population and a lower number of CD21 + , respectively, CD79acy + B cells in canine peripheral blood, as well as the higher expression of CD4 rather than CD8, mirrored previous results in dogs. 9, [13] [14] [15] 17 However, in the dogs of the healthy control group, percentages of CD21 + B cells were higher and those of CD3 + T cells were slightly lower, compared to previous studies.
13-15, 17 We found a small subpopulation of double-positive CD4 + CD8 + PBLs confirming results of an earlier study, 16 in which canine CD4 + CD8 + T cells were identified to be activated effector/memory cells.
T cells expressing TCRab clearly outnumbered cells expressing TCRcd, mirroring results of previous studies.
13-15, 17 The cd T cells are preferentially localized in epithelial tissues, and a substantial proportion of unconventional TCRcd + T cells have been observed in the canine IEL pool, 7,12 although they normally PBLs, peripheral blood lymphocytes; FCM, flow cytometry; IBD, inflammatory bowel disease; CD, Cluster of differentiation; TCR, T-cell receptor; SD, standard deviation; min., minimum; max., maximum. *Significant differences compared to healthy dogs. PBLs, peripheral blood lymphocytes; FCM, flow cytometry; IBD, inflammatory bowel disease; CD, cluster of differentiation; TCR, T-cell receptor; SD, standard deviation; min., minimum; max., maximum.
comprise only a small fraction of circulating T lymphocytes. [13] [14] [15] 17 In our study, IBD dogs had lower percentages of CD21 + and TCRcd + PBLs compared with the healthy control group. These results are in contrast with a study that indicated no differences in the peripheral CD21 + subset of dogs with chronic gastrointestinal disease compared to healthy dogs. 9 Data comparing circulating cd T cells in IBD dogs and healthy dogs are lacking. In humans with IBD, results regarding peripheral cd T cells are contradictory. A previous study identified increased numbers of peripheral cd T cells in patients with active Crohn 0 s disease (CrD) and ulcerative colitis (UC), but not in patients in remission. 18 Two further studies identified increased circulating cd T cells in patients with CrD, but not in patients with UC. 19, 20 However, in a more recent study, a peripheral cd T cell deficiency in CrD patients with active and quiescent disease was observed. 21 The reason for the partly discordant results compared to our study is not clear. It may lie in the heterogeneity of the syndromes classified under the umbrella term IBD. 1, 22 Differences in genetic background, environmental factors, intestinal inflammatory profiles as well as their location and severity, the influence of treatment or the phase of disease may have had an impact on the observed results.
Although canine IBD shares many features with human IBD, there are several species-specific differences, 1, 22 which additionally could account for the discordant results regarding the cd T cells of our study, compared to studies of humans.
In addition, the lower percentages of CD21 + B cells in our IBD dogs of this study mirrored the results of previous studies in healthy dogs 13-15,17 more closely than the higher percentages obtained in the healthy control group. Similarly, the very low proportion of PBLs expressing TCRcd in the IBD group was comparable to previous results in healthy dogs, whereas the obtained values in the healthy control group were slightly higher.
13-15 Furthermore, we observed a large range in the cd T cell proportions, especially in the healthy control group, as shown by the minimum and maximum values as well as the standard deviation of this variable (Table 2) . Individual biologic variation caused by regional differences and variables such as breed, nutrition, and environmental factors may have contributed to these results, especially considering the small sample size.
However, the differences in PBL subsets detected in IBD dogs in our study may have occurred as a consequence of disease or the lower proportions of TCRcd + and CD21 + PBLs in IBD dogs could represent the cause rather than effect of the disease. Decreased proportions of CD21 + cells and cd T cells may reflect dysregulation of immune function, particularly considering the proposed regulatory and protective function of cd T cells, and may therefore play a role in the pathogenesis of canine IBD.
As already mentioned, cd T cells are a substantial proportion of the canine IEL pool. 7, 12 In an animal colitis model, depletion of cd T cells resulted in significantly increased mortality and histologically more severe colitis compared to controls. 23 Similarly, in murine IBD models, depletion or deficiency of cd T cells aggravated intestinal inflammation, suggesting an important regulatory and protective function of cd T cells, especially in the early phase of intestinal inflammation. 24 Furthermore, transferred cd T cells acted protectively on experimentally induced colitis in mice. 25 Considering the proposed regulatory and protective function of cd T cells, the observed lower proportions in IBD dogs in our study may reflect dysregulation of immune function, predisposing these dogs to the development of IBD.
Alternatively, cd T cells also seem to have proinflammatory properties, because IL-17-producing TCRcd + cells were able to induce colitis in murine IBD models. 26 Furthermore, in human IBD patients, a direct correlation between numbers of TCRcd + cells in the intestinal mucosa and disease severity has been demonstrated, 27, 28 and a previous study identified increased numbers of TCRcd + IELs in dogs with IBD compared to healthy controls. 7 It is still not clear whether lymphocyte precursors migrate to the epithelium and become cd T cells in situ or whether activated cd T cells migrate to the gut epithelium as a result of a specific tropism, suggesting an extrathymic or thymic differentiation of these cells, respectively. 29 In the latter case, homing of activated cd T cells to the IEL pool could cause alterations in the PBL pool. With activation and clonal expression, an increase of peripheral cd T cells could be expected, but with ongoing migration to the gut epithelium, decreased cd T cells could be encountered in the peripheral blood. Likewise, decreased percentages in the CD21 + PBL subpopulation could be caused by increased homing of CD21 + cells to the inflamed intestinal lamina propria in IBD dogs. The CD21 molecule is expressed on relatively mature B cells, 30 whereas CD79acc is expressed from before the pre-B-cell stage to the plasma cell differentiation stage; 31 36 in intestinal biopsy specimens of dogs with chronic enteropathies taken before treatment and in clinically well-controlled dogs. These results suggest an ongoing immune cell dysregulation despite an improved clinical state in affected dogs. However, we did not reassess small intestinal biopsy specimens in the treated IBD dogs in our study, and we can only speculate on the intestinal histopathologic appearance. Other explanations for the lack of differences between pre-and post-treatment FCM results in our study may lie in the small sample size of reassessed dogs and the time frame chosen for reassessment, which may have been insufficient to revert immune system dysfunction.
Although examination of PBLs may help identify alterations in the immune status and may give rise to a better understanding of the immunopathogenesis of canine IBD, caution must be taken in the interpretation of these results because the behavior of PBLs does not necessarily represent the ongoing processes in the inflamed mucosa, and the composition of PBL subpopulations can be influenced by many factors. The possibility that the observed decrease in CD21 + B cells and TCR cd + T cells in our study is associated with rapid migration of peripheral lymphocytes to the gut raises the question of whether or not these results are specific to IBD. Other acute or chronic conditions causing intestinal inflammation or epithelial injury may share the observed alterations in PBLs. Corresponding data from dogs with different gastrointestinal diseases are lacking. In addition, pretreatment in 5 IBD dogs in our study might have influenced our results. A treatmentfree period of at least 10 days was an inclusion criterion. However, this time frame might not have been sufficient to allow any effects of therapy on lymphocyte subpopulations to subside in these dogs. Furthermore, the small sample size, especially considering the dogs evaluated pre-and post-treatment, is a limiting factor for the clinical relevance of these results.
In conclusion, canine IBD seems to be associated with a different distribution of PBLs, possibly playing a role in the pathogenesis of canine IBD or reflecting a consequence of disease. Additional work in a larger cohort of dogs combining FCM results of PBLs with FCM results of lamina propria and IEL lymphocytes in similar dogs would be of interest. In addition, the sampling of IBD dogs at different stages of disease and repeated FCM analysis of PBLs in treated dogs at different time points during follow-up could shed more light on the role of the intestinal immune system and its relationship with PBLs in canine IBD. Furthermore, it would be important to include control groups of dogs with different gastrointestinal disorders to determine the specificity of altered lymphocyte subsets in various gastrointestinal diseases. 
